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WEBENCH® Power Designer 

Power Supply Design In Seconds! 
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Objectives 




WEBENCH® Overview 




Efficiency Calculation and Design Optimization 




Electrical and Thermal Simulation 



Build it and Reporting 
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13 Years of Modeling and Verification 



2012 FPGA System 
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WEBENCH® Tools 



Power Designer 



Power supply and system power 
architecture 



LED Designer 



LED driver design and LED architecture 



Sensor Designer 



Sensor analog front end design 



Active Filter Designer 



Filter design and simulation 



PLL Designer 



PLL implementation 



Amplifier Designer 



Op amp design and simulation 
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Beginning to end: Design and Prototyping 



1 . Choose a Part 



Gatic S« taction 



Enter Specifications 




Select Part 



2. Create a Design 



QCTtZir"" 11 """ mi 



Optimize for 
Footprint and 
Efficiency, Use 

Graphs to 
Visualize Design 



3. Analyze a Design 




Generate Schematic/ 
Electrical Analysis 




Generate Layout/ 
Thermal Analysis 



4. Build It! 



Schematic Export 
Custom Prototype Kit 



Prototype 
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The WEBENCH® Power Tool Suite 




WEBENCH Power Designer 



WEBENCH® Supports Broad Portfolio 
13 Years of Modeling and Verification 



Circuit Calc & Sim model 



LM 10500 

LM2012x/3x/4x/54 

LM20242 

LM20323/33/43 

LM21212/5 

LM21305 

LM(2)5005/07/10/11 
LM(2)5085/88 
LM(2)5085/88 
LM(2)5116 
LM(2)5117 
LM26001/3 
LM2696 
LM2734/35/36 
LM27341/2 
LM27341/2 
LM2734/5/6 
LM27402 
LM2743 
LM2830/31/32 
LM2841/42 
LM2852/53/54 



LM3 100/02/03 
LM3478/88/81 
LM3491 0/1 7/1 9/23/30 
LM3670/71/73/74 
LM500 1/02/6/8/9 
LM5022 

LMR1 051 0/1 5/20 
LMR12010 
LMR 14203/6 
LMR242 10/20 
LMR62421 
LMZ22008/10 
TPS2420 
TPS92550/1 



Circuit Caic but no Sim mode! 1 WebTHERM /Build It 



LM(2)5118/9 

LM2622 

LM3224 

LM2700 

LM2698 

LM2731 

LM3668 

LMR62010/4 

TPS40170 

TPS40210 

TPS40303/4/5 

TPS51225 

TPS51315 

TPS53313/6 

TPS5401 

TPS54040 

TPS54060/61/62 

TPS541 0/20/30/50 

TPS541 40/60 

TPS54218 



TPS5423 1/2/3 

TPS54240/60 

TPS54310-8 

TPS54320/5/6 

TPS54331/2 

TPS54418 

TPS54478 

TPS54610-8 

TPS61 170/5 

TPS62080/1/2 

TPS62125 

TPS62 130/1/2/3 

TPS62 140/1/2/3 

TPS62 150/1/2/3 

TPS62200-8 

TPS62240/2/3 

TPS62260 1/2/3 

TPS62290/1/3 

TPS842/4/610 



S witch e rs/Co ntro 1 1 e rs/L E D D r i ve rs : 
378 base part numbers 
LDOS: 50 base part numbers 



LM22671 -9, LM22680 

LM(2)5574/5/6 

LM2585/6/7/8 

LM2595/6/8/9 

LM2670-9 

LM3 150/1/2/3 

LM3402/4(HV) 

LMZ1 0503/4/5 

LMZ1 2001/2/3/8/10 

LMZ1 3608/10 

LMZ1 4201/2/3 

LMZ22003/5/8/10 

LMZ23603/5 



Supported Topologies: Buck (over 60% of 
total designs), Boost, Flyback, SEPIC, 
Inverting Buck/Boost, LDO, HotSwap, 
Modules 



Coverage of WEBENCH® enabled parts 
(Buck Switchers) 




i 



Vout Min 




40A-60A: LM(2)5119, LMZ3610, LMZ22010/8 
(interleaved) 

30A: LM27402, TPS40210, 
25A: TPS40303/4/5, TPS40170 

• 0.5V: TPS62080/A 

• 0.6V: LM283x, LM2743, LM3150, LMZ1 0500/1, 
LM21305, LM27402, LM21212/5, TPS54478, 
TPS53313/6, TPS6224060/90, TPS54622/3 

100V: LM51 16/79 
95V: LM5008/9 

75V: LM5005/6/7/10, LM5574/5/6, 
LM5085/88 

• 1 .0V: LM2743 

• 2.0V:TPS62243/42/61/62 

• 2.3V: TPS62080/81/82, TPS62240/93 
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Multilingual Capability 



Select from the language bar 



Japanese, 
Chinese, I 
Korean, I 
Russian, I 
Portuguese, 
German 



My Designs.Projects 



1 



I WfrfpS: I Iflf^t I E^^tH | PyccKMMfl3biK l Portugues | Deutsch Welcome jeff.perry@ti.com 



Hew Solutions visualize! Assistant 
VISUALIZER 




H*U I ft*** 



I EI'^ ( H | PyccKMM fl3hiK | Portugues | Deutsch 



Foot|>i int 

B' • 

Footprint BOM Cost Efficiency 



208 



$3.61 



80% 



viii Max. 22 



Voiit: 3.3 



loiit: 2 



Amb. Temp: 30 Q C 
Show Alternate Topologies □ 
Show O nly Modules □ 



| | On/Off Pm | |A(lj l|>K Lim 

QErrorPin QAdj Frequency 

□ Soft Start □ Sync Switching 

□ Ext Sync □ Conti ollei 

Q Module Q Integrated Switch 

□ LDO 



Footprint 208mm 3 935mm 3 Fieuuency: 1 50kHz 1000kHz 



(<=): 



BOM Cost $0 
(<=): = 



$21 Crossover: OhHz 

=^ A' ' ' 



82kHz 

' ' ' 'A 



BOM Count 5 

(<=): 'J 



33 



Phase 
Margin: ' ' 



103 



Advanced C halting 



Efficiency |*~J Footpiint | * j^BOM Cost | * ] 



Solutions: ( 70 found ) Q show All Columns 



600 
400 
200 




Most Efftei* 

72 76 SO 34 S3 32 
Efficiency 



O Efficiency vs. Footprint vs. BOM Cost 
Reset p| H j| Click and drag to zoom 



WEBEIICHi 
Tools 



Show Additional Devices 



Show Why Othei Paits Wei e Not Found 



Design 
Considerations 



BOM 
Footpi int 

(mm2) 



BOM 

Cost 



BOM 
Count 



(kt*J 




High Efficiency 



208 $3.61 80% II 



03=1? 



10: 



SWlTCHER(r) 
Controllei 



478 $3.6? t>2% 12 



Third 

!" C BD=" Oonei,rtion 

5<>5 r SIMPLE 

SWITCHER 
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Arrow WEBENCH Designer 



Access customized 
versions of 
WEBENCH® 
Designer: 

http://ti.com/arrow 



<C Partner Pavilion: Arrow - Tl.com - Windows Internet Explorer 



Cy'^/ |^http://www,ti,com/ww/en/analogM^ v H ^tH X | [Google Search 



IPH 



Links 0] Schedule Gallup ^jRrnRsv ^TICup $ Rpts2 WB5 ^WB 5 Stage WB5RC £?Sirns J^MyTI $ Offline £|] WBPriority 



LMPb64o Current Se.. 



P http : //w w w . po werp . . 



^Partner Pavilion: 



a T # T ^Eage- Topis - > 



^ Texas Instruments 



Samples & Purchase Cart | Contact Us | TI Worldwide : United States | my.TI Login 



Applications » Design Support > Sample & Buy 



T All Searches 



Search by part number or keyworl 



TI Home > WEBENCH® Design Center > Partner Pavilion > Distributors > Arrow 



Arrow 

APJ\D\A/ 



Arrow provides specialized services and expertise at each stage of a 
product's life cycle, accelerating and simplifying the journey from 
concept to market. Each product's journey begins with the technology 
innovations of Arrow's suppliers who introduce thousands of new 
components and computer products each month. Arrow's customers use that technology to 
design and manufacture products from home security systems to global telecommunications 
networks. 

This journey from concept to market has become increasingly complex in today's business 
environment. Arrow customers frequently design and manufacture products across multiple, global 
locations., Rapid changes in technology add new dimensions to product design and manufacturing. 
Arrow makes connections across a complex supply chain, manages that complexity, and injects 
speed at each juncture of the journey to market for technology products with design, fulfillment, 
materials planning, inventory management, and manufacturing solutions. 

To see more information about Partner Portals click here 

See our disclaimer 



< 



x (F] 4 t Ig3 File Find Disable View Outline Images Cache Tools Validate 



WEBENCH® Designer -My Designs 



Power FPGA'uP Sensors LED 



Enter your power supply requirements: 



C .:r;: .ir 

Ambient Temp 



. ■ : z - : e 



Min 




Max 




14.0 


V 


22.0 


V 


Vout 




lout 




3.3 


V 


2.0 





Single Output 



1 


Power Architect 


■ 


Start Design 





* J Local intranet 



100% 



10 
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Ways to Access WEBENCH® Designer 



Jfy TtexAS Instruments 



Applications 



"^Sample & Purchase Carl | English- | fffl£tft:£ | BSM I my.TI Login 

Search 



m 

WEBENCH* tools. 



WEBENCH® System 
Power Architec 



C67i3 Dev Klit 



Advanced design tool for com IJIJ CDC M i"* Ll'^' nneinniir 
including hot-swap controller: ¥¥ E B E 14 W fl U? -^ly fl^l 




O Start your design today for free 



« 



Products 



Applications 



Tools & Sof 



Browse products 

Amplifiers & Linear 
Audio 

Broadband RF/IF & Digital Radio 

Clocks & Timers 

Data Converters 

DLP® & MEMS 

High-Reliability 

Interface 

Logic 

DLP®- TV, Projectors, & Cinema 
View new products Q 



Power Management 
Processors 
-ARM® Processors 

- Digital Signal Proces 

- Microcontrollers (MCl 
-OMAP™ Applications 

Switches & Multiplexers 
Temperature Sensors & 
Wireless Connectivity 

Calculators & Education 



Power 


FPGA|iP 


l 

Sensors 


LED 



Enter your power supply requirements: 



Min 



Max 



Vin 

Output 
Ambient Ternp 

Multiple Loads 



Power Architect 



14.0 v 22.0 v 



Vout 



lout 



3.3 v 2.0 a 



30 



Single Output 



Start Design 



Use the entry panel on: 
http://www.ti.com 
Select the specific tool 

- Power 

• Power Architect 

• Start Design 

- FPGA/|iP 

- Sensors 

- LED 
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Ways to Access WEBENCH® Designer 



4jf Texas Instruments 



Products • Applications 



"¥= Samples & Purchase Cart | Contact Us | TI Worldwide : United States | rny.TI Login 



I Design Support 



> > > ; 



- 



LM22672 

(ACTIVE) 1 A SIMPLE SWITCHER®, Step-Down Voltage Regulator with Features 




*Si ttaliDn 



Worldwide (In 

English) 

lEPitchPtfk 



WL Description & "Luu Sample & 
Features .'....'..Buy 



g Technical ^ Tools & 

Documents ' Software 



^ Support & 
Community 



Datasheet 

* .. ■> LM22672/2Q 42V, 1A SIMPLE SWITCHER Step-Down Regulator with Features (Reu K) 

^ (PDF ,447 KB) 08Jun2012 

* View All Technical Documents 

See Also 

» LM22670 - 3A, Features Adjustable Switching Frequency Or Frequency Sync Up To 1 MHz And Precision Enable 
» LM22671 - 0.5A Version 

» LM22673 - 3A, Features Adjustable Soft-Start And Adjustable Current Limit 
* View All 

Diagrams (3) 



Functional Diagram 

a 




Featured Tools and Software 

* LM22671 1A SIMPLE SWITCHER Regulator wf 
Freq Adj or Synch and Precision Enable EVM 
(Evaluation Modules & Boards) 

> LM2267M, LM22680 Quick Start Simple 
Switcher Component Calculator (Calculation 
Tools) 

* Power Stage Designer of Most Commonly 
Used Switchmode Power Supplies (Circuit 

jfi; 



WEBENCH LM22672 



Lowest 
BOM Cost 



Footprint i 



Range 
_ V 4.50 -42.00V 
5 DO V 1.28 -37.00V 
1.00 A £ 1 .00A 
~ l-C *100°C 



Highest 
I* Efficiency 





1 I I E 



■ 




OR 

Go to the 
product folder 
for a specific 
part 

Enter your 
specifications 
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WEBENCH® 



Navigation Icons 

WEBENCH Tools: 

Power 

LED 

LED Architect 
Power Architect 
FPGA/ Processor 
Power Architect 
HotSwap 



ion 



c 4 n * 



New Solutions Visualizel Assistant 
ENTER REQUIREMENTS 



Power 


LED 


LED Aichitect 


Powei Architect 


FPGAjiP 


HotSwap 



Vin r,lih: 
Voiit 1: 



1 4 



Basic Selection 

V Vin Max: 

3.3 V lout 1: 

0|> Amhieut Temp 



22 



30 



Choose Additional Features (Optional) 
QShow Alternate Topologies © 
QShow Only Modules 
On/Off Pin: Q No Q Yes (Vi Ignore 
Error Flag: (j No Yes Ignore 
Sync Pin: No ij Yes i^i Ignore 



Show All: W 
Switching Regulators 

Linear Regulators 
S w itc I led-Capacitors 



Vout 2: 





V 


lout 2: 


o 


Vout 3: 





V 


lout 3: 




1 




Coupon Code: 






Show Recommended Power Management ICs 
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From webench.ti.com, Find All Parts 
Supported by WEBENCH Power Designer 

Texas I nstbi tmfntc 



Products 



TIHome > WEBENCH D 



4$ Texas Instruments 



WEBENC 



WEBENCH Designei 
sensing applications 
before a design is co 



WEBENCH 

Gel results t 
that deliver ( 

O Start yourdc 



WEBENCH 5 An 

> Power Architect [m 

> System Power Arc! 1 

> Processor Power/ 

> F PGA Power Arch it 

> LED Architect (ente 

> All WEBENCH Too 

WEBENCH" Dd 



WEBENCH Power Designer Enabled Devices 



tpsbJ 



TPStil 170 

TPS61175 

TPS62080 

TPSG2080A 

TPS<>20SI 

TPS62082 



Switchers O LDO Q Hotswap 
42 / 527 item(s} 



Reset 



Export to Excel 



Create 


WEBENCH Toole 

□ Circuit Calculator 
D Thermal Simulation 
D Electrical Simulation 

□ Build It 


Topology 


Deshjn Consider ation 


Fitter... 







TPS61175 



TPSG2080 



TPSG2030A 



TPSG2081 



TPSG2082 



10 



11 



TPSG2125 



TPSG2130 



TPSG2I3I 



TPSG2132 



TPS62133 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Open Design 



Boost 



High Voltage Boost Converter 



Boost 



Buck 



Buck 



Buck 
Buck 
Buck 



Buck 



Buck 



Buck 



Buck 



3A High Voltage Boost Controller with 



1 .2A High Efficient Step Down Converti 



1 .2A High Efficient Step Down Convert 



1 .2A High Efficient Step Down Convert 



1 .2A High Efficient Step Down Convert 



3V-1 7V, 300mA Buck Converter With Ail 



3V-1 7V, 3A, DCS-Control, pin selectab | 



3V-1 7V, 1 .8Vout,3A,DCS-Control,pin sel 



3V-1 7V,3.3Vout,3A,DCS-Control,pin sel 



3V-1 7V,5Vout,3A,DCS-Control,pin sele 

IT 



Export to CSV 



Index 

Part 

Create 

WEBENCH Tools 

Topology 

□ Oii'OfT 

□ Err Pin 

□ Soft Start 

□ Ext Sync 

□ M\ Ipk 

□ A<lj Fi e<| 

O Syiit Switching 

□ Controller 

□ Vill Mill (V) 

□ Vill Max (V) 

□ Vout Mill (V) 

□ Vout Max (V) 

□ lout Max {A} 

□ Mi" Fie<| 





> Power Designer Parts Listing 



> IBIS and BSD 

> CAD Symbol I 



14 
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WEBENCH® Visualizer- 
Calculates 65 Designs in Seconds 



a*a I fifflcff'S: I Stt^ I f^^°\ I PVccKiiH flahiK | Portugues | Deutsch Welcome Jeff Perry ( 



Hew Solutions Vi 

VISUALIZER 



WEBENCHf Optimize! 




Footprint BOM Cost 



272 ] [ $3.50 ] [ 83% ] 



Change Inputs 



Vin Min: 


14 


V 


Vin Max: 


22 


V 


Voirt: 


3.3 


V 


lout: 


2 




Amb. Temp: 


30 





Show Altei nate Topologies □ 
Show Only Modules □ 



Featni e Filtei s 



IC Package: All 



□On/Off Pili □A<ijiphLim 

| | Error Pin □ Adj Frequency 

□ Soft Start □ Sync Switching 

□ Ext Sync □Controller 

□ Module | |lntegiated Switch 

□ LDO 



92% Vout-pp 1.12mV 301.17111V 



Footpiint 272 : 958 r Fiequency: 150kHz 800kHz 



BOM Cost $1 
(<=): LL 



BOM Count 5 

<<=): = 



$21 Crossover: 0kHz 

izz: 

33 Phase 0° 
' Mai gin: ' ' 



83kHz 



103< 
'' 'a 



X Axis: 
[ Efficiency | ■ 



Advanced C halting 



Y Axis: Buhl i 



"] [ Footprint | ▼ J BOM Cost | * 



Solutions: ( 65 found ) □ show All Columns 



Show Additional Devices Show Why Othei Paits Wei e Not Found 



Recommended 
Solutions 

Charts 




;. Footprint vs. BOM Cost 

Click and drag to zi 



Cie.ite WEBEIi 



Design 
Con s ideation a 



Temp 
(cleg) 



BOM 
Foot|>i iiit 
(mm2) 



BOM 

Cost 



BOM 



Fie<| 
IhHz) 



Voirt p- 
l> (mV) 



Fi eq 




High Efficiency H 91 °C 272 $3.50 83% 11 585 1.50 



Step Porth 

Conuertei with II 50*C 302 $3.09 78% 14 075 409 HA 



A<ljusl 

383mm 3 5V, Low Part 

Count 



II 67 € 383 $3.48 80% 10 



303mm 3 Convene, with 

Eco-Mode 



High Efficiency 



303 $4.09 78% 14 675 409 



77*C 318 $4.09 84% 11 



j 



15 
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Create and View Design 



Dashboard 

1) Graphs 

2) Schematic 

3) Optimization 

4) Operating 
values 

5) BOM 

6) Reporting 



Simulation 



My Designs-Projects 



Optimization Tuning 




Footprint BOM Cost Efficiency 
[ 403 ] f $3.50 I f 84 1 



Optimization 

ustn Kieientiu i-iei|ueucy: | | 

Frequency: 

I50KHZ <= KHz < lOOOKHz 



foasejm 


LM25576 


VinMin 
VinlHax 


14V 

22 V 


Uoirt 
lout 


3.3 V 
2 A 


Til 


30 (legC 






— Inputs - 



H vii ne: 



Design 1776 I - LM25576MH 





C 




m 


■■L 








dt 








* * 






3 




o 


Bock New Solutions visualize! BOM Charts Schematic Optimize Op Vals 




* Build It Pi hit 


Share Design Assistant 



flabiK | Portugues | Deutsch Simplified View Welcome Jeff Perry @ 




Op Vals Charts 

78 

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 
tout(A) 



Operating Values 



1 ^ Design ID : 17761 



Schematic 



arating Point 



an Pd 



■:out if r.i s 

cn.it, ■: ,:It 
Em«i«n«v 



I □escriptior 



In opsratinp, point 



■Uphill- nil ■>|t|>ut .. |t.i;iT 



t'litoiisininii point 



111 lit : .i| It- i FM: il| -I -It 



li| i.it :.ii-.i:it. | i -- - .-.-=-! -ii-.-.ii 



it -i ft,!-; hi 1 1 



Op Vals 



ipiitijnpnoltoi pc'-.v*i (11 = 



adv (tats sTnclency 



t:liln;i titHI^iv: , 



Ft-II -t-^rll lii-:kn:t.-i 1 1 1 - 1 - 1 - 



lilu:ti i ■■ ■ j.ii ■ll-.-.li-.-iti- n 



K pOY.*l Cl|:=l|5:lt|On 



:< -It i-.'.ti ii 



[■i |un:tin tfmi-i-i.itui^ 



: ,tm;it I i i i ■ 



■ 

Fart | Manuf;| Part Nm 1 Ql| Fri | Attributes | Fq.| Tod View | Edit | 



BOM/Change I 
Components 




WEBENCH(R) Optimizer 



Power Dissipation Chart 



lo, 



•; Optimization 



--•:iral h>=t -n-t -iah =tt c en.: 



H-lf F- 
Total H 



Your Complete Desigi 



Product Folder View My Orders 

ORDER Evaluation Boards, Samples, ICs 

WEBENGH DQWtitwtfte: 
Schematic File 

nivml I aimiit Pilo 



Build It® 
& Report 

Download Altium Designer Trial 
-.^y Share this design 
P^P] Copy this Design 
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Schematic - Buck Converter 



Components: 
Input Capacitor 
Regulator with integrated FET 
Inductor 
Catch Diode 
Output Capacitor 
Feedback Network ^ m 
Feature Controls 



Input 



. Cm 
"10.00 uF 
*0.01 Ohm 
qty=2 



Rfbl 

■AAA- 



1,000,00 Ohm 



Rfb2 

AAA 



4,870.00 Ohm 



Cb 



0.01 uF 
Q.QQ Ohm 



D 

^0.42 



M.00 



L1 



11.30 uH 



cout Load 

"180.00 uF 
*0.03 Ohm 



Current Path with Switch On 
Current Path with Switch Off 



17 
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Visualize Behavior - Power Dissipation 



Efficiencv 



37 

se 

85 
I E4 




Efficiency = Pout / Pin 
Pin = Vout * lout + Pd 



0.2 0.4 0.S 0.3 1 1.2 1.4 1.S 1.3 2 
lout (A) 



Diode Pel 



0.7 - 






































O.G 
0.5 

































CoutPd 



IC Pd 



0.23 
0.2G 














0.24 -j 














0.22 -j 





























i Diode: 
Pd=l sw *V f *(1-D) 
D:= Duty Cycle 

0.2 0.4 O.G 0.3 1 1.2 1.4 1.G 1.3 2 
lent (A) 

1 * 



Regulator: 

Pd DC = I 2 , 



SW_RMS * ^DS-ON * D 

Pd AC = V2* Vin*l ; * 



■sw 

("^rise + 1"fall) * ^SW 

Pd Qu iescent = lq * Vin 



0.000036 
0.000035 
0.00003^ 
0.000033 
0.000032 
{]. -DAMS 
0.0000 
0.00002 
0.00002 
0.000027 
0.000026 




Cout: 

Pd=l 2 Cout _ RMS 

0.2 0.4 O.G 0.3 1 1.2 1.4 1.G 1.3 2 
lout \A\ 



0.07 
0.06 






































/ 


































> 


/ 















Cin Pel 



Inductor: 
Pd=l 2 LRMS 



DCR 



i — i — i — i — i — i — i — i — i — 

0.2 0.4 0.6 0.3 1 1.2 1.4 1.6 1.3 2 
lout (A} 



0.0022 
0.002 
0.0013 
fl.OfllG 

0.001^ 

3 

1 U.-0C12 
r - 0.001 

.0003 
.000G 
0004 
0002 





Cin: 
Pd=l 2 



CinRMS 



T 1 1 1 1 1 1 1 1 

0.2 0.4 0.6 0.3 1 1.2 1.4 1.6 1.3 2 
lout (A) 
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FET Selection: AC Loss 



• PswAC = 1 / 2 * Vds off * lds on * (trise + tfall)/Tsw 



Vsw 



Miller Plateau 



Isw Vg 



Switch Off 



Regions of power loss (V*l) 

/ \ 




Miller Plateau 



Vsw = -Vds 



Trise 



Tfall 



19 
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FET Selection: AC Loss 



• PswAC = 1 / 2 * Vds off * lds on * (trise + tfall)/Tsw 



High Freq = High Loss Low Freq = Low Loss 




Trise Tfall 
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^ Instruments 



How to Reduce FET Power Loss 



• DC losses: Choose a FET with low RdsOn 

• AC losses: Choose a FET with low gate charge 

• AC losses: Lower the switching frequency 
BUT 

• Lowering frequency affects the inductor selection 

• We want to keep the inductor ripple current constant 

- Because this changes the peak switch current and the Vout ripple 
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Inductor Current vs. Switch Voltage 



Switch 
Voltage 



Cm 
-10.00 uF 
*0.01 Ohm 

qty=2 




Rfb1 

-AAA 



1,000.00 Ohm 



Rfb2 

— sAA 

4,870.00 Ohm 




Cout 
180.00 uF 
0.03 Ohm 



Inductor 
Current 
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Inductor Ripple Current 



On 
Time 



Voltage 
applied 




dl = 




(1/L)*V*dt 

Inductor Ripple Current (also determines peak 
switch current and Vout ripple) 




Cm 
"10.00 uF 
'0.01 Ohm 

qty=2 



Rfb1 

■AAA- 



1,000.00 Ohm 



Rfb2 



4,870.00 Ohm 



n_n_/y\ 



L1 



11.30 uH 
0.01 Ohm 



m D1 
*0.42 V 
4.00 A 



Cout 
"180.00 uF 
*0.03 Ohm 
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Inductor Selection - Lower Frequency 



Higher frequency: 

Voltage 
applied 



On 
Time 





dl = (1/L)*V*dt 

Inductor Ripple Current (also determines peak 
switch current and Vout ripple) 



Lower frequency: 



If L is kept 
constant, ILpp 
increases 



T 



ON 




Lower Frequency = 
Increased On Time = 
Increased Inductor Ripple 
Current = 

Increased Peak Switch 
Current and Increased Vout 
Ripple 



24 



74 TEXAS 

Instruments 



Inductor Selection - Raise Inductance 



Higher frequency: 

Voltage 
applied 



On 
Time 





dl = (1/L)*V*dt 

Inductor Ripple Current (also determines peak 
switch current and Vout ripple) 



Lower frequency: 



If L is kept 
constant, ILpp 
increases 
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Lower frequency with 
higher inductance: 



So we need to 
increase L 
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Effect of Lower Frequency on Inductor 

• If we keep the inductor ripple current constant by increasing the 
inductance: 

- The inductor gets larger (more turns) 

- The inductor power dissipation goes up (longer wire) 
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WEBENCH® Optimizer Dial 
"Dial In Your Solution" 



http://webench.ti.com 
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WEBENCH® Design Optimization 




Optimization 
Setting 


Frequency 


Component 
Selection 


Summary 


1 - Smallest 
footprint 


Highest 


• Smallest footprint 
Don't care about cost 


Smallest size but lowest 
efficiency 


2 - Lowest cost 


High 


• Lowest cost 


High frequency means 
smaller / cheaper 
components 


3 - Balanced 


Medium 


• In stock 

• Low cost 


Balanced approach 
using IC's middle 
frequency 


4 -High 
efficiency 


Low 


• Low DCR, ESR, Vf 

• Low cost 


Higher efficiency, with 
low cost but larger 
parts 


5 - Highest 
efficiency 


Lowest 


• Low DCR, ESR, Vf 
Don't care about cost 


Highest efficiency but 
largest parts 
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Key Optimization Parameters Graphed 



My Designs/Projects 




















1 H*U I 




i 


1 £^<H | 


PVCCKHH fl3blK 


| Portugues | Dt 






c 








oSu 




n 




dV 
dt 




1 


* * 






• 




JBL 









25 Designs Complete - Best 5 Designs Selected 





Turn the optimization knob on the left to select your desired balance between 
small footprint, low price and high efficiency 



Optimize page 



Powei Dissipation Chait 




«Srnall Foot Print 



High Efficiency» 



Diode Pd 
Total Pd 
Cout Pd 
IC Pd 
Cin Pd 
L Pd 



IC Temperature and Fi equency Chart 




« Small Foot Print high Efficiency 
IC Tj I Frequency 



Footprint and Efficiency Chan 




«Small Foci Print High Efficiency^ 
| Footprint | Efficiency 



Total BOM PMceC halt 



34 


6 - 


S3 




32 


5 - 


31 

m 

30 o 

73 1 
I 

73 


i 

O 4 


77 


3 - 


76 




75 






1 2 

« Small Foot Print 

Total BOM 



High Efficiency» 



Frequency 
IC Temperature 



Footprint 
Efficiency 



BOM Cost 



Power Dissipation 
by Component 
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WEBENCH® Efficiency Verification 



TPS54320: Vin(min / max)=8V / Vout=3.3V 



80 

c 

.32 
'u 

w 60 
























































































0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Load Current (A) 

Measured Eff. CC Efficiency 



TPS54320: Vin(min,max)=12V, Vout=3.3V 




40 4 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Load Current (A) 



-Measured Eff. 



-CC Efficiency 



TPS54320: Vin(min,max)=17V, Vout=3.3V 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Load Current (A) 



-Measured Eff. 



-CC Efficiency 



Hi Texas 

Instruments 
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WEBENCH® Efficiency Verification 



TPS54320: Vin(min,max)=8V, Vout=3.3V 



100 



90 



80 



> 70 

u 

c 



60 



50 



40 




0.0 0.5 



•Measured Eff. 



•CC Efficiency 
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Continue to Improve Your Design: 
View and Change Your Bill of Materials 



My Designs/Projects 



3*15 I ffitt'f'jr I XB^Jt I £t^<H | pyccKHH fl3hiK | Portugues Welcome Phil Gibson (>; 



Click Select 
Alternate To 
Change A 
Component 




harts Schematic Optimize GnVals 
BILL OF MATERIALS 



Print Share Design Assistant 




Soft Start Time (ms): 

1ms < i ms < 10ms 
User Preferred Frequency: j_| 

Frequency: 

100KHZ < 585.2 KHz < lOOOKHz 



hasejm 


LMR24220 


VinMin 


14V 


ViiilWlait 


22 V 


Uout 


J.JU 


lout 


2 A 


Ta 


JO clegC 







Name: 



Design 1523 - LMR24220TL 



SRU8043-6R8Y 



CRCW04C 



CRCWO40 



JlStl Ul 1 1*1 it 



$0.01 Resistance=9760hm, 
Tolerance=1*i, 
Powei=O.063W 



$0.01 Resistance=3.09KOhm, 
Tolerance=1%, 



$0.01 Resi8tance=46.4K0hm, 
Tolerance= 1%, 
Power=0.063W 



tiSii 
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Evaluate and Select Alternate Components 



Parameter 

Specification 

Limits 



Multiple 
Column Sort 



Component 
Tradeoffs: 

Footprint 

Pdiss 

Price 

Performance 
Vout Ripple 
Transient Resp 
Loop Stability 



9*3 I flSft*^ I I £^<H | pyccKMH flahiK I Portugues 




Back New Solutions visualize! BOM Charts Schematic ^>|>Timize OpVals Sim Print Share Design Assistant 

ALTERNATE PARTS 



I'liimi i ■ . ■ i -|. ".I 



L 

(H) 



DCR 
{Ohm) 



IDC 

(A) 



J.429 
3.429 



L 


DCR 


IDC 


Price 


Oty Avail 


Foot Print 


Height 


(H) 


(Ohm) 


(A) 











!3-<>RSY e-8» 



P075I.103NLT 



T-T-T-T-T-T-T- 

-0.04 0.02 0.08 0.14 0.2 0.26 0.32 0.38 
Pov^r Diss (W) 

Alternate paits displayed: 200 



Emjineei jug 



P075I.682NLT 



SRU1033-100Y 



SRUI048-8R2Y 



SRUI038-7R0Y 



PM^40- l OOM-P 



^^yg^MWMi^iJ I Cancel I I Reset All I NOTE: Limits [to Not Apply To Custom Paits 
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Evaluate Components - Inductor 



My Designs/Projects 



0^5 | fittl^ | 11^ I I PYcckmh fl3hiK | Portugues Welcome Phil Gibson (?) 



Back New Solutions Visualize! BOM Charts Schematic Optimize OpVals Sim Print Share Design Assistant 

ALTERNATE PARTS 



Alternate Paits - Charts 



Filter hy Manufacturer: [ g e | ecT aIT 

Update X Axis Update Y Axis 



[ Powei Diss (W\ | [ Footprint (mni2) | T~j [ Price ($) 



O 
O 

















































Bubble 
































y E 


Size is Cost 


















o 




































































c 


w 


oo 


o 



































-J 


L 


CO 


#) 


o 
























%- 
















































O 






o 




























8 


m w o 


o 






-•- 

























0.02 0.04 0.0G 0.0S 0.1 0.12 0.14 0.1G 0.1S 0.2 0.22 0.24 0.2G 0.2S 0.3 0.32 



0.34 0.3G 



Reset All Cancel 



Power Dissipation 



J 



34 



74 TEXAS 

Instruments 



Change Perspective - Inductor 



My Designs/Projects 



H^M | ffitttplS: | Ifft I I PyccKHiiflibiK I Portuguese Welcome Phil Gibson (?) 



is & 



dV 

rit 



Q 



Back New Solutions Visuolizei BOM Charts Schematic Optimize Op Vols Sim Print Share Design Assistant 

ALTERNATE PARTS 



Alternate Pans - Charts 



Filter by Manufacturer: Select All 



update x Axis 
Powei Diss (W) | ▼ 


Update Y Axis 
f Footprint (mni2) 




[piice{$) |» 






km) 








Footprint (mm2) 
Height (mm?) 
Power Diss (W) 




























300 -J 


a* 
































700 - 










L 

DCR 






























GOO - 


o 




o 


































a. 500 






































| 400 


c 


r 


y 


oo 


o 


o 


























300 














CO 




o 




















200 - 
















J? 
Pi* 
























100 - 
























O 






o 


EZ 


















8 










8 






o 









• 






I 



























0.02 0.04 0.0G 0.0S 0.1 0.12 0.14 0.1G 0.1S 0.2 0.22 0.24 0.2G 0.2S 0.3 0.32 0.34 0.3G 

Power Diss (W) 

Alternate parts displayed: 200 



Reset All Cancel 



35 



74 TEXAS 

Instruments 



Evaluate Components - 

Zoom to Highlight for More Detail 



My Designs-Projects 



Qj^M I fSft't'S! I IM^ | ^^°H | PYcckhh flibiK | Portugues Welcome Phil Gibson (/> 





c 






HOI 






dV 












Back New Solutions Visualize! BOH Charts Schematic Optimize OpVals Sim Print Share Design Assistant 

ALTERNATE PARTS 



Alternate Paits - Charts 



Filter l>y Hannfacturer: Select All 



Update X Axis Update Y Axis 



Power Diss (W) | » Footprint (mm2) \ w \ \ Price ($) 



3 




Click and drag 
to zoom 



s • 



i i i i 

0.02 0.04 o.oe o.c 



I I I I I I I I I I I I I I 

0.1 0.12 0.14 0.1G 0.1S 0.2 0.22 0.24 0.2G 0.2S 0.3 0.32 0.34 0.3^ 

Power Diss (W) 

Alternate parts displayed: 200 



Reset All Cancel 
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Evaluate Components - Zoom to Highlight 



My Designs/Projects 



| Mft^^t I If ^ I I PVcckhh flahiK | Portugues Welcome Phil Gibson @ 



i s. 



Back New Solutions Visimlizei BOM Charts Schematic Optimize OpVals Sim Print Share Design Assistant 

ALTERNATE PARTS 



Alternate Paits - Charts 



Filter l>y Manufacturer: Se | et t All 



Update X Axis Update Y Axis 

' Power Diss (W) | ^] [ Footprint (mm2t | *~] [ Piice($) 



| 120 ■ 

















o ^ 






















SO ° 


e<t> 






















o 


O o 








































□ 
















































I I I I I I 

0.02 0.04 0.06 O.OS 0.1 

Power Diss (W) 

Alternate parts displayed: 25 

All Cancel 
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Select New Component 



Filtered list 
based on 
zoom box 

Click to select 
a component 



Or create a 

custom 

component 



My Designs.Projects 



H*S | | M** | £^ttH | PVr 



|5o 



Hew Solutions Visualizel BOM Charts Schematic Optimize OpVals Sim 
ALTERNATE PARTS 



Punt SlwieDe 



Alternate Parts - CI wits 



Filter l>y Manufacturer: 



Update X Axi s U|>h late Y A;;i s 
[ Power Diss (W) | t j ^FQ^prhrtj 2) | *■] |j 



Suinmaiy infoimatioufoi selected Component LI: 




Manuf 


Part Number 


L 




OCR 


IDC 




Price 


Oty Avail 


Foot Pi hit 


Height 


Power Diss 


Top View 








(H> 




(Ohm) 


(A) 




















Bourns 


SRU8043-GR8Y 




0.022 


3.8 


$0.36 





100 


4.3 


0.112 


• 




LIMITS 


L(H) 


DCR (Ohm) 


IDC (A) 






Upperhounri 


12.82U 


o.on 


68.57 






Loweihounri 


6.409u 


10011 


3.42$ 






Target 


6.4#ftu 


8.25m 


3.429 




• 



Select an attentate 



Part Number 


L 


DCR 


IDC 


Price 


Oty Avail 


Foot Print 


Height 


Power Diss 




(H) 


(Ohm) 


(A) 













SRU8043-OR8Y 

P0751.103NLT 



$0.36 
$0.3 J 



P075I.682NLT 



SRUI048-8R2Y 



SRUI038-7R0Y 



[PMSS-HMflflM-F ™" 



I Cam: el Reset All NOTE: Limits Do Hot Apply Th> Custoi 11 Parts 
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Hands-on Exercise: 



Design Problem: 


Goals: 


Management has requested a 


Try optimization knob settings 1 


design using the LM22680: 


and 5 and note: 


Create the following design: 


Frequency 


Vin: 14-22V 


Footprint 


Vout: 3.3V 


BOM cost 


lout: 2A 


Efficiency 
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Why Do Electrical Simulation? 



Identify 
Problems 


• Design has been configured for stable operation BUT 

• May want to verify under dynamic conditions 


Try 


• Improve line/load transient response 


• Minimize output voltage ripple 


Solutions 


• Modify control loop 


Visualize 
Results 


• Interactive waveform viewer allows detailed analysis 
of results 
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Electrical Simulation 



Esim page 



Specify sim 
type 




Click start to 
initiate sim 

•Bode Plot 
•Line Transient 
•Load Transient 
•Startup 
•Steady State 



My Designs-Projects 




□P 



Back New Solutions Visualize! BOM Charts Schematic Optimize Op Vals Sim Thermal Build It Pi hit Share Design Assistant 

ELECTRICAL SIMULATIONS 



Step 2 : 



Start New Simulation 



■1 ^ Design ID : 17766 







LM2BS7BW-I 






I e ra 



' T 



a ■ 



HI 



mm CD 
. 1 III c 



Most Recent Simulation Simulation List 
Simulations for your WEBENCH design 17766 



simkl t 


Sim Type 


Start Time 


Status 








Success 



























Active simkl : 1 
Bode Plot 



See Our Disclaimer 





VOut 




















































t 



Waveform viewer 



Click to view waveforms 
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Waveform Viewer 



Click and drag down and 
to the right to zoom in 

Click and drag up and to 
the left to zoom out 



Click on a tile to add a 
waveform 



3.45 



■i.i- 



3.35 



3 

O 3.3 
> 



3.25 



3.2 



3.15 



3.1 























r 


M 


r 




r 




- 


r 




n f 















































































































2b 



2C 



1b 



% 10 
> 



-1G 



0.00 0.40 0.80 1.20 1.B0 2.00 

2.00 0.B0 1.00 1.40 1.80 



t (e-5 sees) 



ICin 






ICout 






ID1 






I LI 






I Qui 






ISw 






VOut 






VSn 






Vsw 
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Evaluate Transient Response 



• LM22680 

- Voltage mode pulse width modulation control scheme (PWM) 

- Lower part count - SIMPLE SWITCHER® 

• LM25576 

- Emulated current mode (ECM) 

- Fast transient response 

• Will evaluate: 

- How does ECM compare with PWM 

- Vin: 14-22V, Vout: 3.3V, lout: 2A 
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Buck Schematics 



LM22680 PWM 



-4.70 uF 
* 0,00 J Ohm 



™ LM22680 

SOFTS TART £/f 



GNC 



Css 
:0.039 4f 



SYNC ENABLE 



7*1 

62.0 KOhm 



1 



1.57 KOhni 

VSW 



Cbst 




0,01 



8.20 uH 
064 Ohm 



Of 

*0.450 V 
'3.00A 

KM 



♦ Co* O 
0,002 Ohm 



LM25576 ECM 



^0 



+ Cin 
^4.70 uf 
0.003 C 



lOOlOuf = 
0.000 Ohm 



Cbyp 
^0.470 uf : 
0.000 Ohm 



2 B 



: 0.001 uf < 



V5*/fcft 



fc n rum | 

A 0.450 V 

— ^ 1 



Ccomp 
0.001 uf 

m 



Rcomp 

AAA 



10.0 uH 
0.027 Ohm 



_ Rtb2 
' 1.69 KOhrr 



' 10000 



• Com 

"100 uf 

* Ohm 
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LM22680 vs. LM25576 

Vout for Load Transient 



LM22680 (Pulse 
Width Modulated) 



LM25576 
(Emulated Current 
Mode) has faster 
transient response 
recovery time 




Load Transient: 
.2-2A 
50usec rise/fall time 
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Overlay Simulations 



Red: LM22680 
(Pulse Width 
Modulated) 

Blue: LM25576 
(Emulated Current 
Mode) has faster 
transient response 
recovery time 



3.36 



3.34 



3.32 



i 33 



o 

> 



3.2a 



3.26 



3.36 



3.34 



3.32 



■i 33 

o 

> 

3.28 



3.26 



3.24 3.24 

0.4 0.8 

vouL 0-2 0.6 1 vout 

t e-3 sees 
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WEBENCH® Bode Plot Verification 



TPS54320 Wbench Vs User's guide measurements Comparison: 12Vin, 3.3Vout , 3A lout @ fsw=51 5.8kHz 

Crossover Frequency = 27379.4Hz; Crossover Phase = 82.3deg 




TPS54320 Wbench Vs User's guide measurements Comparison: 17Vin, 3.3Vout , 3A lout @ fsw=515.8kHz 

Crossover_Frequency = 29290.8Hz; Crossover_Phase = 90.16deg 




WEBENCH® Bode Plot Verification 



TPS54320 Wbench Vs User's guide measurements Comparison: 12Vin, 3.3Vout , 3A lout @ fsw=515.8kHz 

Crossover_Frequency = 27379.4Hz; Crossover_Phase = 82.3deg 
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100.0E+00 



1.0E+03 



Frequency (Hz) 



10.0E+03 



100.0E+03i 



— e — Measured 12V Gain 



-WB12V Gain ——-Measured 12V Phase — ---WB12V Phase 



Bench Model 
(Gr ee n) (B l ue) 
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Hands-on Exercise: 



Design Problem: 


Goals: 


Management has requested to 


Run a load transient simulation 


check the load transient behavior 


i i 1 1 i ■ i 

and note the overshoot and 


ot in© Toiiowing design. 


recovery time. 


Vin: 14-22V 




Vout: 3.3V 




lout: 1A 




Optimization 3 




LM5010 
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Why Do Thermal Simulation? 



Identify 
Problems 


• Co-heating of parts not accounted for with ThetaJA 


Try 
Solutions 


• Change copper thickness, airflow, ambient 
temperature, voltage, current 


Visualize 
Results 


• Color temperature plot across the board 

• Adjustable scaling 
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Why Do Thermal Simulation? 



• Identify and solve thermal issues 

- Co-heating of adjacent parts not taken into account with thetaJA 

• Different ways to solve thermal problems: 

- Heat sink 

- Fan 

- Copper area/thickness 

• Thermal simulation factors 

- Model Types: 

• Physical geometry/materials modeled for regulator 

• Lumped cuboid models for passive components 

• Board modeled as a separate part, with traces modeled explicitly 

- Simulation accuracy 

• 3D conduction 

• Radiation 

• Convection 
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WebTHERM®- Board Layout 





Thermal Sim Parameters 






Opeiating Condition 




Vin: 22 loiif: 2 








Ambient Temperature 


Inputs: 

•Input voltage 
•Current 


On Bottom: 30 C 


On Top: 30 °C 




Board Condition 


Coppei Weight: 




Board Orientation: 


2OZ.{0.07TI2mm) 




Component Side Up + 


•Top and bottom 


Ail Flow 


ambient temperature 


[Hi ection 




Velocity 


•Copper thickness 


© 




Use 






A ' £1 ^ 

•Airflow 




© Fan O None 


•Board orientation 


+ 




© LFM © LMM 




f J 







Edge Temperatures 



Edge 1 Insulated OR 1 30 I D C 
Edge 4 + Edge 2 



Insulated OR 



30 *C 
Edge 3 Insulated OR 



Insulated OR 

C 

30 B C 



30 



Thermal Sim Page 



1 1 B*m 1 






1 E*^<H | 






i 









* * 


ils Sim 


Thermal 


Build It 


Print 



■^3 



rent Simulation 





© 



o 



o 



PC Board 
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WebTHERM® Results 



•View 

interactions 

between 

components 

•Diode and IC 
both generate 
heat 

•Effect of 
backside copper 
and vias 



Save Thermal Image 



Zoom Out Zoom In 

i i i i i i i i i i 

Show Thermal Image 
Shew Outline 



Tei i ipei ati n e Bai Sc alii nj 
Min Celerbar Temp: 65 

Max Colarhar Tem|>: 85 



Operating Temperatures 



Change 



Reset 



n 




750c 
730c 

70°C 
65°C 



Layer 


Max 1 


PDiss. 


Manufacturer 


Part Number 


PCB - Top 1 83 n C 1 






IC - Die 


78°C 


1.23 W 


Texas Instruments 


LM2H74MH 


L1 




0.13 W 


Ooilaaft 


MSS1 048-1 03MLB 


D1 


84°C 


0.83 W 


Diodes Inc. 


BJ40A-I J-F 


Coirt 


wc 


5.1 5e-5 W 


TDK 


3225X5R0JI07M 


Cin 




4,50e-3 W 


TDK 


C2012Y5V1H105Z 


PCB - Bottom 


$0°0 










Bottom 



53 



74 TEXAS 

Instruments 



LM3150 Controller 




.5oz copper thickness 4oz copper thickness 

Low side FET is 117C Low side FET is 68C 



Vin: 14-22V 
Vout: 3.3V 
lout: 6A 



Jt/i Texas 
^ Instruments 



Vout GND 



50°C 





•No airflow 
•Diode: 134C 
•IC: 146C 



Or add a 
Heat Sink 

Design Specs: 
Vin: 20-22V 
Vout: 5V 
lout: 5A 



WebTHERM® Solutions 



Use a Fan 




3in (76.2mm) 



•No airflow 
•Heat sink 
•Diode: 91 C 
•IC: 52C 



Vout GND 




•500 LFM airflow 
•Diode: 95C 
•IC: 106C 
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Hands-on Exercise: 



Design Problem: 


Goals: 


Management has requested to 


Run thermal simulations to 


create ine Tonowing aesign. 


determine what can be done to 


\/ir-» ■ -\ A OOX/ 

vin. 


bring the design into spec. 


Vout: 3.3V 




lout. yA 




Optimization 1 (small 




footprint) 




LM3150 




Temperature must be below 




70C 
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Build It® 



Build It Page 



My Designs/Projects 














i H*a i 






1 e^tH 


PYCCKHH fl3b 








C 


a. 










4$ 


dV 

it 




i 


m m 


& 




• 





i !;'H 



Charts Schematic Optimize OpVals 
BUY it: 



Sim Thermal Build It Pi ii if Shaie Design Assistant 



Order custom 
prototype kit: 



Export to: | jg Excel | KitOuantity [ | | T ] [to you have a coupon 
Electrical Components 



Bare board and parts 



Hourly pricing and 
nventory updates 

Shipped overnight 




Mechanical Components 




























Part Number 


Manufacturer 


Component 


Oty Avail 


Oty 
Req 
pel Kit 


Order 
Minimum 


Oty 
Ordered 


Prototype 
Price ' 


Total 


Top View 


Edit 


1727010 


Phoenix Contact 


J1 


> 10 


I 


I 


I 


$0.91 


$ 0.91 










Keystone 


J2,J3 


> 10 


2 


10 


10 


$0.58 


$5.80 




Select Alternate Part 




LM25576BLDT 


Texas Instruments 


PC Board 


> 10 


1 


1 


1 


$ 18.02 


$ I8.<>2 




Select Alternate Part 





























'NOTE: The pricing of the BOM in WEBEHCH is foi pn>M ies. You can use the | 

hut you will likely yet a much lower total BOM cost w hen you go into production at higher volumes. 

This Build It Kit price does not include the minimum quantity amount or shipping cost. 

' 'NOTE: The Coilcraft inductor free sample will he shipped separately from your main order. You will receive 2 packages for your order. 
'CAUTION: The items highlighted in yellow indicate that there is not enough of that part available to fulfill the requested quantity. 



Product Folder View My Orders 

ORDER Evaluation Boards, Samples, ICs 
WEBENCH Do wnioads: 
Schematic File 
Board Layout File 
BERBER File 
Assemhfy Documentation 
|^^| Design Documentation 
Download Altium Designer Trial 
.^j^ Share this design 
Copy this design 
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Complete Power Supply Design 
Reporting: Automatic Generation 



Your Design From The Top: 



Texas 
» Instruments 



WE BENCH*' Design Report 

I:=i cr 171E.30T7754 -M22&S0MRX-ADJ 



■Vr - 1- :•„• 
■t<'3> - IV 
L-. ■ I IV 



-e- .v::i::v= ■ 
Topology - Bud 
J-tJs: ■ :- 11 3:07:25 =>M 

eov 

Total Pd- 1.73 w 
Footprint- 7Ee.Dmm2 
BOM Cauit- 13 



1 



Elsctrica BOM 



Inputs, Supplies, Schematics, 

BOMs 



. CSS Kemet 



3. Cfcm TDK 



. Caut TDK 



5. CSE AVX 



. D1 DtodesfK 



eee-=';i---;= 



C322EXER&.107M 



cap- 1D.C if 

ESFL- 1.7-39 Ohm 
VDC- M.DV 
IRMS- 41 1.0 mA 
5D.24 Cap-47.D|iF 



E5R- 9.D mQfoT 
VDC- M.DV 
IFJ,'G- : .-A 

SC.J9 cap- ira.a^F 
ESR- 2.D mOlim 



Cap-39.DnF 
ESFL- 3BJ3 mOlm 
VDC-M.DV 

F.v> : : a 



D 



5M_RADIAL_G172mm2 



o 

121c 2 



Copjilgrit C 2D1 1 . Texas IrsTJirenrE I • 

I* Design Report U422SB0MFLMDJ : Design 17731 - LM22&3DM RX-ADJ Decembers 2011 3:16:32 P 



WEBENCH* Design 



. RIM VlEhay-Dale 



Operating Values 



CEflES- CRCW..&3 



SG.1D L- 1 D.U |JH 



Power- 125.0 raw 



SRR12D6 216mni2 
□ 

:::: ■ : 



S1.3S Switcher 



1. Cln IRM5 

2. COUtlRMD 

3. ICIpt 
J MAvg 



7. BOM Count 

6. FoctPitnt 

:- Fr^Ler^- 

1D. IC Tolerance 

11. MVosAot 



. 01 T] 

::::->: 
. Du^ Cycle 

= - ; -. ■ : 



. Clr Fd 
. Diode Pd 



It:: - :::' 



»..DS 

: ; _ : :^: : 

54.069 1 HZ 

r :2: ■< 

7E.ES7% 



2.413 mV 

■Li -:- ■ ,-. 



: :_=:' ■ 

-. 

: -. 
: : 

;■:_::=': 
;■:_::= r : 



In IC 

Peat-to-pea* InSuotcr ripple ounem 

"I.- Desgr E-CV ism: 
::; - : :■ : ■ ■■ ; : J ; : V : ■ :: t ■; 



IC Feedlisot Toferanoe 



EocePot=fase Warglr 



. sorstar. 
. VrtMri 



Maximum Output Cune 
Soft Start Time fmsj 



Design Assistance 



CapyngHtoaDI I.Texas 



WEBENCrf Deflgn Repon LM226E0W W-ADJ : Deslsr 1"":- ■ .- l'-i=. :v = :"-Z . E-aceTSS'4.2011 J:1fi32P. 
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WEBENCH® Schematic Export 

• Tl's WEBENCH power and LED lighting design tools are 
the industry's leading online tools to create and optimize 
analog designs. 

• Before: Designers create a report in PDF summarizing the 
WEBENCH design and manually input the schematic into 
the CAD tool. 

• Today: With WEBENCH Schematic Export, designers can 
export the schematic directly to five popular CAD formats. 

• Advantages: 
-Saves time 

- Reduces errors 

-Allows use of optimized WEBENCH schematics 

4/1 Texas 
^ Instruments 



Export WEBENCH® designs directly to 
CAD environment 

Design Creation 



■Jty Texas Instruments 

WEBENCH 

Design Center 




7 



L.J 



^BBhi II 
WEHEMCH' Wamar ArchH*ci 




n 



mm t K 




1 



L_ 



I U =1 

f^ttf= 3 1 



Value inputs 

• System design IP 

• Component calculation 

• Vendor selection 

• Performance optimization Export directly into CAD formats 

• Size optimization Album Altium Designer 

• Relative pricing cadence* OrCAD Capture CIS 

• Speed/accuracy aMgfSS DxDesigner 



DESIGNSPARK 



DesignSpark 

Album P cad 
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WEBENCH® Export Directly to CAD Tool 

WEBENCH schematic Exported schematic to Altium 









m a r i£fl 














'rtnnJnr Q0U Chans Schcfitann fijinrrjif- 
SCHEMATIC 






Sh.irn [>Hiqn Aivum 



-\AA/~ 



I 



hN 


LM3102 










LT1 






vet: : -p .: 













■ 
1 




■ 
1 






















/V 


V 








































































\ 


' .Of 


k 














































































































































ilbl 
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Exported schematic to Cadence OrCAD 



Exported schematic to 
Mentor Graphics DxDesigner 
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The WEBENCH® Tool Suite 




Jt/i Texas 
^ Instruments 



WEBENCH® Visualizer- 

Calculates 65 Designs in 10 Seconds 



imuijijjujjmjj 



fiHtH^lS: I Ifl>f^ I E h ^°H | PyccKMH flahiK I Portugues | Deutsch Welcome Jeff Perry ( 



VISUALIZER 



WEBENCH® Optimizer 




Vin Min: 


14 


V 


Vin Max: 


22 


V 


Vout: 


3.3 


V 


lout: 


2 


A 


Aml>. Temp: 


30 


c 



Show Alternate Topologies □ 
Show O nly Modules |_| 



Featui e 



IC Package: am 



B 



□On.OffPiii □AdjlpkLim 

□ Error Pin □Adj Frequency 

□Soft Start □Sync Switching 

□Ext Sync □Controller 

□Module □Integrated Switch 
□LDO 



Filtei Results 



Efficiency 71% 92% Vont-pp 

(>=): ^ (<=): 

Footprint 272mm 3 958mm = Frequency: 



1.12mV 301.17mV 



1 50kHz 

A ' ' ' ' 



BOM Cost $1 
(<=): = 



BOM Count 5 

(<=): U 



$21 Crossover: 
^A 

33 Phase 



0kHz 

A' ' ' 



-_ 



Mai gin: . 



800kHz 



83kHz 



103° 
' ' A 



Advanced C halting 



/Axis: Buhli 



Recommended 
Solutions 

Charts 







o 













Solutions: (65 found) □ Show All Columns 



Show Additional Devices Show Why Othei Paits Wei e Not Found 




Part 



Cieate WEBEII 



Design 
Consideiations 



Temp 

(deg) 



BOM 
Footpi iiit 

(mm2) 



BOM 
Cost 



BOM 
Count 



Fieq 
(kHz) 



Vout p- 
p (mV) 



Fieq 
ikHzt 



TPS54240 ^^^^^j C 



LM2267&-ADJ 




High Efficiency II 91*C 272 $3.50 83% 11 585 1.50 



Step Down 

Conveitei with II 50*C 302 $3.09 78% 14 675 4,09 



t _ Adjust 
! " c O n "" Vout less than 
370mm 3 5V, Low Part 

Count 



67<C 370 $3.4* 80% 



Otep Dortn 

Conveitei with II 50<C 303 $4.09 78% 14 675 4,09 



High Efficiency 



77 C 318 $4.09 84% 11 
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Calculated BOM Footprint, BOM Cost 
and Efficiency 



Footprint vs Cost vs Efficiency 

\ I L 
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Graphical Plot Gives at a Glance Trade-offs 



My Designs/Projects 



| fS*tfJl I 31*^51 I E^°H I PVcckmh fl3biK I Portugues | Deutsch Welcome Jeff Perry Q) 



New Solutions Visualize! Assistant 



VISUALIZER 


3 




Advanced aiaitintj 


_r5> 



XAxis: Y Axis: Buhl 



[ Efficiency jjj fqh>ti>i int | * ] boh cost | t ] <===Change Your Perspective Instantly 




Click on square 
to resize the 
plot to full 
screen size 



Part: LM3151-3.3 
Topology:Buck 

□ Efficiency: 90°/o 
Footprint: 677mm 2 
Frequency:237kHz 
Vout p- 
p:170.94mV 
BOM Cost:$4.17 
BOM Count 12 



Hover to see 
details 

Click and 
drag to zoom 



Change plot parameters 



Bubble Size = BOM Price 
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Why Are the Solutions Different? 



Aih/.niceil Clmitintj 



XAxis: VAxis: Bnl>l>le Size: 

Efficiency t [ Footprint T { bom cost r l <=== Change Your Perspective Instantly 



1800 



O 

o 



— :. £ . 
3 




Older 

Technology 



1000 



78% 



Asynchronous \ 
Integrated JT™^ 































Efficiency 



Synchronous 
Integrated 



(LM20343 ) 




Synchronous Controllers 




Smallest & Most Efficient 



Efficiency 



94% 
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Give The Engineers What They Want: 
Best Efficiency, Footprint and BOM Cost 



Results from example: 

Filter: Integrated Switch 
Vin = 1 4V to 22V 
Vout = 3.3V 
lout = 2.0A 

• Default Setting: LM25005, 83%, 416mm 2 , $2.13 

5pU • Smallest Footprint: LMR24220, 78%, 21 8mm 2 , $2.47 
3%,, • Highest Efficiency: LM26003, 91%, 1 357mm 2 , $4.84 



• Hint: 

At each setting sort first for the most relevant parameter, then look 
for best compromize on the others 

4/1 Texas 
^ Instruments 



Hands-on Exercise: 



Design Problem: 


Goals: 


Take the previous design 
requirements and see if you 
can find a better solution than 
the LM22680: 
Vin: 14-22V 
Vout: 3.3V 
lout: 2A 


What is the system with the: 
Smallest footprint 
Highest efficiency 
Lowest cost 

Note the device used and the 
value of all 3 factors for each 
design 
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WEBENCH® Power Designer 




End-to-end design solutions 

Online selection, simulation and prototyping 

Dynamic design optimization based on size, cost and efficiency 

WEBENCH Visualizer 

View dozens of designs at a time to get the best solution for a 
single power supply 

Each design optimized for efficiency, cost and size 

WEBENCH Power Architect 

System level designs for complex multiple load applications 
Provides different rail architectures 

Each system optimized for efficiency, cost and size 

WEBENCH Design Tools save you time 
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Thank You! 



Try WEBENCH® Tools yourself: 
http://webench.ti.com 



Jt/i Texas 
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• 2012 Design News Golden Mousetrap Award 

- WEBENCH System Power Architect 

• 2011 EDN "Innovation of the Year" 

- WEBENCH FPGA Power Architect 

• 2010 Electronic Design "Year's Best - Power" 

- WEBENCH LED Architect 

• 2010 EDN "Innovation of the Year" 

- WEBENCH Visualizer 

• 2009 EDN "Innovation of the Year" 

- WEBENCH Power/LED Designer 

• 2008 Electronic Products "Product of the Year" 

- WEBENCH Sensor Designer 

• 2006 IEC "DesignVision" Award 

- WEBENCH Designer 

• 2005 EDN "Innovation of the Year" 

- WEBENCH Active Filter Designer 

• 2001 EDN "Innovation of the Year" 

- WEBENCH 3.0 

• 2000 Electronic Products "Product of the Year" 

- WEBENCH 1.0 
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For More Information: 

Existing Arrow Customers: 800 777 2776 
New Customers: 800 833 3557 
www.arrownac.com/powermanaqement 
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